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Executive Summary

The Monroe County Department of Transportation
(MCDQOT) has built upon the success of its first
computerized traffic signal system. The system has been
operational since 1985. In the late 1990's the
Department initiated a project to integrate Intelligent
Transportation Systems (ITS) technologies into the
traffic management infrastructure in an effort to
improve operations throughout the City of Rochester
and along the county’s arterial roadways. The Regional
Traffic Operations Center (RTOC) was opened in 2002
as adirect result of that effort.

Until recently the MCDOT lacked real-time visua
traffic surveillance capability at that facility. This need
is being addressed under the I TS Camer a Deployment
& Systems Integration Project. During the project’s
first phase, 5 CCTV camera deployments were made.
Installation began in September 2004 with construction
and acceptance testing completed in February 2005. A
120 day observation and test period followed. The
initial deployment locations are given below:

Wedtfall Road and South Clinton Avenue
Elmwood Avenue and Mt. Hope Avenue

grLODdDE

Winton Road/Erie Canal Bridge

} | TS Camera Deployment & Systems I ntegration Evaluation

Phase 1 MCDOT CCTV Camera L ocations

GENESE]
73
B

East Avenue/Winton, University/Winton, and Winton/Norris Drive/[-490 Interchange

West Main Street and Brown Street / Genesee Street / Chili Avenue

These 5 locations cover 7 of 32 “High Priority” intersections around the county. They provide
balanced coverage on the west, south, and east sides of the City of Rochester and the Town of
Brighton. They also compliment the existing O’ Rorke Bridge cameras along with the New York
State Department of Transportation's (NYSDOT) CCTV system and its planned extensions.

The primary objectives of theinitial MCDOT CCTV deployments wereto:

Facilitate incident management
Facilitate traffic signal management
Enhance intersection monitoring
Advance integration with other agencies

The secondary objectives wereto:

Blend in well aesthetically with existing streetscapes
Effectively use the existing communications infrastructure within the County
Verify weather conditions (visually) and possibly communicate with motorists

The project involved the integration of new field devices with existing legacy systems in use by
various agencies. This was a requirement to obtain Federal funding and supported integration goals
set forth by the NYSDOT Advanced Traffic Management System (ATMS). Monroe County’s new
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field devices utilize an existing network of fiber optic lines owned by the NYSDOT and Monroe
County Pure Waters (MCPW) for communication to the RTOC. Because the MCDOT and
NYSDOT operate side by side in the RTOC, the NYSDOT can easily access camera images from
the county and vice versa.

ITS evaluations assist those responsible for funding, development, design, and deployment in
understanding the impact and effect of ITS on transportation users by quantifying the benefits,
helping guide future investment decisions, and generating future improvement strategies. The
information gathered serves not only to justify expenditures, but hep those involved understand
why and under what conditions benefits are realized. The MCDOT ITS Camera Deployment &
Systems | ntegr ation Evaluation employed a combination of qualitative and quantitative measures
to assess the effectiveness and benefits derived from Monroe County’s 5 initid CCTV
deployments.

An evaluation team was assembled to carry out and review the study. An evaluation plan was
developed to identify the impact, if any, the monitoring capability established by the installation of
CCTYV cameras has had on the management of intersection traffic and to identify the benefits and/or
costs, monetary and functional, experienced as a result of the system integration plan. Performance
measures were developed and a data collection plan was set in motion to gather the necessary
information.

Operators at the RTOC maintained a log book, keeping track of incident milestones and describing
their actions from October 2005 through February 1, 2006. The log entries suggest incident
management was facilitated by the CCTV cameras. Operators were able to validate incidents more
quickly than they could have at locations with system sensors alone and without on-site observer. In
general, validation of incidentstook place within 4 minutes. Operators were also ableto reverse
any changes they made to signal timingswithin 5 minutes of anincident’s conclusion. Thisisin
contrast with the 10 minutes needed, on average, to validate incidents at locations with only system
sensors present and the 15 or more minutes needed when an observer must be dispatched to the
scene. Incident validation times were reduced by 50% to 80% saving between 5 and 12
minutes per incident.

Using one specific incident as a case study, system sensor data were plotted and a microsimulation
model was used to quantify the benefit of a quick response. During the incident modeled, signal
timings had been modified in response impending gridlock on an arterial street. The simulation test
results indicate that for every minute of delay in reacting to the incident (i.e. changing the timings),
the total travel time, total delay, and total fue consumption within the affected area would have
increased by 3% to 5%. Assuming the initial 5 CCTV installations have allowed operators to react
at least 5 minutes quicker than they could with system sensor information alone, that this is a
representative incident, and that the MCDOT system is well instrumented with system sensors, the
extrapolated annual savings to the traveling public would pay for the entire $280 thousand
dollar project in approximately 5 years. In the future, the county could recover costs more
quickly for similarly priced CCTV instalations in incident prone areas without system sensor
coverage.

Operators were interviewed to solicit their personal experiences after the incident data collection
period. It was clear from the interviews that the operators believe CCTV cameras have made their
jobs easier, allowing them to improve the speed and quality of the service delivered to the public.
They feel their responses are better informed with visual information and they have increased
confidence in the appropriateness of their actions. Use of the CCTV cameras outside the realm of
incident response was also discussed. Since installation, the cameras have been used for
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coordination of non-interconnected traffic signals, verification of trouble calls, and routine
observation of field signal timings. Suggestions for improvement include an ability to monitor more
than one opposed intersection approach at a time, improved night time vision, and enhanced
navigation tools.

Interagency coordination and system integration involved compromises contributing to the overall
success of the project. The NYSDOT has shared an existing video switch with the MCDOT in
return for use of a future switch to be installed in the RTOC by the county. Monroe County Pure
Waters (MCPW) has dedicated spare fibers in its local trunk lines to the MCDOT cameras,
although they required initially that all splices be made by their own forces in order to protect the
existing facility. All occupants of the RTOC are involved in developing a “ Concept of Operations
Plan”, defining theroles and responsibilities of each agency within its shared environment. Overall,
a high level of interagency commitment spanning all levels of the involved agencies has come to
providethe traveling public with a coordinated expressway and arterial traffic management system.

The MCDOT ITS Camera Deployment & Systems Integration project involved the sharing of
facilities among the MCDOT, NYSDOT, and Monroe County Department of Environmental
Services (MCDES) to save unnecessary costs. Shared facilities were identified and used to estimate
the increase in contract cost had integration not occurred. The results suggest that phase one's $280
thousand dollar construction cost might have risen to nearly $2 million had it been necessary to
install entirely new conduit, pullboxes, fiber optic cable, separately purchase modems, and furnish a
stand alone video switching device.
Summary of Findings

Objective Findings

Quantify changes in incident response time. - Incident validation times were reduced 50% to
80% by the CCTV cameras, saving between 5 and
12 minutes of response time per incident.

Quantify traffic flow impacts of changes to incident |. A 3% to 5% decrease in delay, travel time, and fud
response. consumption was estimated per minute saved
during incident response.

The extrapolated annual savingsto thetraveling
public asaresult of theinitial 5 CCTV installations
should pay for the entire $280 thousand dollar
project in approximately 5 years.

Describei ntangi ble benefits of increased surveillance |. |mpr0vaj operator pe‘forma’]ce viaincreased
ability. incident awareness and understanding.

Higher and more responsive quality of service
made available to the traveling public because of
real-time visual information

Cross-coordination by offset and cycle observation
Improved ahility to screen out false calls.

Identify the benefits and/or drawbacks of interagency | Areawide surveillance capability covering both
coordination and system integration. arterials and expressways owned by multiple
agencies.

Improved use of existing facilities, including those
with excess (communication) capacity

Improved management of security, flexibility, and
responsibility concerns.

Improved area wide incident response.

Quantify the savings and/or costs realized due to the . $1.7 million dollars saved.

sharing of facilities.
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Finally, among the lessons |earned during the eval uation process are the following:

It is advisable to remain “flexible” when performing an ITS evaluation. An evaluation team
may find that the data collected does not meet every expectation made prior to study, however
that data can be just as useful in different ways given a modified approach.

The traveling public can benefit from enhanced service at reduced cost when agencies
cooperate and willingly share their facilities for the good of all involved.

The experiences and comments of transportation management center staff that use traffic
monitoring cameras each day to serve the traveling public are the greatest indicators of the
value of the visual information provided by the CCTV camerainstallations.
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1.0 Introduction and Background

Since 1985, the Monroe County Department of Transportation (MCDOT) has built upon the
success of its first computerized traffic signal system. In the late 1990's the Department initiated a
project to integrate Intelligent Transportation Systems (ITS) technologies into the traffic
management infrastructure in an effort to improve operations throughout the City of Rochester and
along the county’s arterial roadways. A direct result of that effort, the Regional Traffic Operations
Center (RTOC), was opened in 2002. The RTOC is ajoint transportation facility financed by the
Monroe County Department of Aviation (MCDA), MCDOT, and the Federal Highway
Administration (FHWA). Today RTOC tenants include the MCDA, MCDOT, New York State
Department of Transportation (NYSDOT), and New Y ork State Police (NY SP).

The NYSDOT, MCDOT, and NYSP share a Exhibit 1: RTOC Control
common area for dispatch and system monitoring = =
functions. A large video display wall serves asits
centerpiece. This display visually integrates each
agency’s respective systems. One specialty of the
RTOC is highway incident and emergency
response. The NYSP are the primary response
unit for expressway related incidents while the
NYSDOT and MCDOT each have deployable
resources and remote control of traffic signals
and highway message signs. Together, the team
provides on-site investigation, maintains traffic
flow both at the scene and on adjacent routes,
and disseminates information as needed to ensure
ahigh level of public safety.

S P - R e . e e T
Ellison, a traffic signal control aperator, and her colleagu i,

Liba
Source: Rochester Democrat & Chronicle, 3/8/06

Whilethe NYSDOT had earlier deployed closed circuit television (CCTV) cameras covering major
expressways throughout the region, until recently the MCDOT lacked similar real-time visua
capability. To address this need, the MCDOT undertook the I TS Camera Deployment & Systems
Integration Project. This effort studied the feasibility of installing various I TS devices to improve
its traffic management service to the community, including closed circuit television (CCTV)
cameras, dynamic message signs (DMS), and highway advisory radio beacons (HARB). The first
portion of the project, dubbed Phase 1, involved the following tasks:

Identifying priority locationsto install the various I TS technology

Performing a communications needs assessment for implementing the technol ogy
Deveoping an integrated and functional control system for operating the devices
Designing the first ITS device deployments and integration with other agencies.
Planning the I TS device deployments to be done in subsequent project phases.

The MCDOT selected Bergmann Associates, in association with Gardner Engineering of
NY/Siemens ITS, and Fisher Associates for the analysis and design tasks. The design team
recommended initial installation of 5 CCTV deployments in M onroe County. The locations of those
initial deployments were asfollows:

1. East Avenue/Winton, University/Winton, and Winton/Norris Drive/[-490 Interchange
2. Westfall Road and South Clinton Avenue
3. Elmwood Avenue and Mt. Hope Avenue

'} Bergmann 1
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4. West Main Street and Brown Street / Genesee Street / Chili Avenue

5. Winton Road/Erie Canal Bridge

Exhibit 2: Phase 1 CCTV Camera
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These 5 camera locations cover 7 of 32 “High
Priority” intersections identified by the greater
project. They provide balanced coverage on the
west, south, and east sides of the City of Rochester
and the Town of Brighton. They also compliment
the existing O’Rorke Bridge cameras along with
the NYSDOT CCTV system and its planned
extensions.

Plans, specifications, and an estimate were
completed for Phase 1 of the project and made
available for contractor bidding in June 2004. The
project was awarded to Crane Hogan Structura
Systems Inc. ($279,338.10) for construction.
Installation began in September 2004, followed by
acceptance testing in January and February of
2005. The project was complete and accepted by
the MCDOT in February 2005 with operation

beginning shortly thereafter. A 120 day observation
test period followed and concluded in August 2005.

A key element of the project involved the integration of new field devices with existing legacy
systems in use by the various agencies. This was a requirement to obtain Federal funding. The
project supported integration goals set forth by the NYSDOT Advanced Traffic Management
System (ATMS). Monroe County’s new field devices utilize an existing network of fiber optic lines
owned by the NYSDOT and Monroe County Pure Waters (MCPW) for communication to the
RTOC. Because the MCDOT and NYSDOT operate side by side in the RTOC, the NYSDOT can
easily access camera images from the county and vice versa.

The primary objectives of theinitial MCDOT CCTV deployments wereto:

Facilitate incident management
Facilitate traffic signal management
Enhance intersection monitoring
Advance integration with other agencies

The secondary objectives wereto:

Blend in well aesthetically with existing streetscapes
Effectively use the existing communications infrastructure within the County
Verify weather conditions (visually) and possibly communicate with motorists

As stated in ITS Bendfits: Review of Evaluation Methods and Reported Benefits from the Texas
Transportation Institute, “evaluation of ITS deployments plays a key role in gathering information
for ITS deployment, planning, and implementation.” An ITS evaluation assists those responsible
for funding, development, design, and deployment in understanding the impact and effect of ITS on
transportation users, quantifying the benefits, helping guide future investment decisions, and in
generating future improvement strategies. As noted in the United States Department of
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Transportation's (USDOT) ITS Evaluation Guidelines — ITS Evaluation Resource Guide,
comprehensive evaluations often employ both quantitative and qualitative measures. Any
information gathered should serve not only to justify expenditures, but help those involved
understand why and under what conditions benefits are redlized.

This report documents an evaluation of the effectiveness of Monroe County’s 5 initiadl CCTV
deployments and the results of that investigation. It is organized into 3 sections. The evaluation
plan and findings are described in Section 2. The report concludes in Section 3 with a summary the
evaluation findings, conclusions, and lessons |earned during the project.
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2.0 Evaluation Plan and Results

The United States Department of Transportation (USDOT) ITS Evaluation Resource Guide
recommends the following step by step process for an ITS evaluation.

Form an evaluation team

Develop the evaluation strategy

Develop an evaluation plan

Develop one or moretest plans

Callect and analyze data and information
Prepare afinal report

oukr~wWNE

Section 2 discusses the development of items 1 through 4 for the MCDOT ITS Camera Deployment
& Systems Integration Evaluation.

2.1 Evaluation Team

An evaluation team (see Exhibit 2.1) was assembled to carry out the study. Each member is
experienced and knowledgeabl e in the areas of traffic management and analysis.

Jim Pond of the MCDOT functioned as Project Manager, coordinating the efforts of the consultant
team and advisors. Frank Dolan of Bergmann Associates led the consultant team. He was
responsible for overall project management and the oversight of all project specific work tasks.
Michael Croce of Bergmann Associates, the project engineer, was directly involved in the
collection, analysis, and summary of data.

The consultant team was assisted by Michael Moran of the MCDOT. Michad is a Senior Traffic
Control Operator for Monroe County and is stationed at the Regional Traffic Operations Center
(RTOC). He assisted with data collection and review. Luba Ellison and Joe Ellison, also MCDOT
RTOC staff, assisted with the data collection effort.

Jm Willer, the NYSDOT Region 4 ITS Coordinator, functioned as a technical advisor, providing
critical review of all project deliverables and helping to ensure a credible and objective evaluation

was performed.
Exhibit 3: Evaluation Team
Jaties Pond, P.E., FTOE
Bergmann Associates
Liichael Moran Frank L. Dolan, P.E., PTOE Tames P Willer, P.E.

Froject Manager

Mlichael T. Croce, P.E.
Froject Engineer
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2.2 Evaluation Goals and Objectives

To be effective, the CCTV deployment evaluation concentrated on a few key measures of
effectiveness with detailed and focused study. This approach was preferred to summarizing a wide
range of topics while not addressing any in substantial detail. The evaluation focused on providing
adequate information regarding the parameters used and scenarios examined. The intent was to
demonstrate a clear cause and effect relationship between the investments made and the results
observed, if any.

To satisfy these guiding principles, two evaluation goal s were devel oped:
1 Identify the impact, if any, the monitoring capability established by the installation of
CCTV cameras has had on the management of intersection traffic operations before,

during, and after periods of incident management.

2. Identify and summarize the benefits and/or costs, both monetary and functional,
experienced as aresult of the project’s formal integration plan.

For each of these broad evaluation goals, several detailed objectives were identified. The objectives
comprise the framework of the evaluation. The relationship of each detailed objectiveto its specific
goal is summarized in Exhibit 4.

Exhibit 4: Evaluation Goals and Objectives

TS Camera Deployment & Systems I ntegration Evaluation

Evaluation Goal

Evaluation Objective

I dentify theimpact, if any, the monitoring capability
established by the installation of CCTV cameras has
had on the management of intersection traffic
operations before, during, and after periods of
incident management.

1 Quantify changes in incident response time.

1 Quantify traffic flow impacts of changes to incident
response.

1 Describe intangible benefits of increased
surveillance ability.

| dentify and summarize the benefits and/or costs,
both monetary and functional, experienced asa
result of the project’ s formal integration plan.

1 [dentify the benefits and/or drawbacks of
interagency coordination and system integration.

1 Quantify the savings and/or costs realized dueto
the sharing of facilities.

2.3 Performance Measures

Exhibit 5 summarizes the specific measures of effectiveness (MOE) used to conduct the study. The
mesasures of effectiveness were designed to satisfy the evaluation goals stated in Section 2.2. As
shown, one or more measures of effectiveness were chosen to assess each objective. Quantitative
measures were employed when possible, but there are instances when a qualitative analysis was
more appropriate. Data related to the measures of effectiveness were collected between fall 2005
and spring 2006. This allowed the CCTV camera system to undergo a suitabl e break-in period prior
to the start of the study.
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Exhibit 5: Evaluation Objectives and M easur es of Effectiveness

Evaluation Objective

M easur es of Effectiveness

1. Quantify changesin incident responsetime.

- Change in time between identification and validation
- Change in time to recognize validity of an incident

- Change in time to return to normal operations after
event concluson

2. Quantify traffic flow impacts of changesin
incident response.

1 Changein system sensor occupancy
1 Changein system sensor volume

3. Describe intangible benefits of increased
surveillance ability.

1 Percelved changein ability of RTOC staff to
monitor and adapt to changing traffic conditions
and incidents

4. Identify the benefits and/or drawbacks of
interagency coordination and system integration.

1 Issuesintroduced by interagency cooperation

1 Compromises made by stakeholder agencies

1 Results perceived to hamper desired operations

1 Results perceived contributing to project successes

5. Quantify the savings and/or additiona costs
realized due to the sharing of facilities.

1 Difference between cost as installed and estimated
cost without system integration

2.4 Test Plan for Data Collection

Incident data was collected using all five of theinitial MCDOT CCTV camera installations. It was
the original intention of the study to restrict CCTV data collection to these locations. However,
prior to the start of data collection, the pool was expanded to include all local NYSDOT camera
locations (Exhibit 6) in an effort to improve the incident capture rate and the quantity of data

collected.

In addition, data was collected for “null”
locations where system sensors were available
but CCTV cameras were not present. Data was
collected for all incidents recorded by those
participating in the data collection effort
occurring during the evaluation period
regardless of location. This was also to improve
therate of incident capture rate.

Exhibit 6: NYSDOT CCTV Camera Locatlons
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Evaluation Objective #1: Quantify changes in incident response time

At locations without CCTV cameras, RTOC system operators generally rely on output from system
sensors (inductance loops) installed upstream on intersection approaches. Sensor occupancy, in
terms of a percentage, is monitored to indicate signs of trouble. High occupancy is indicated
graphically on the operator’s screen via colored arrows. When a high occupancy appears, a process
is set in motion to determine the source of the reading. This involves making phone calls, checking
911 logs, and listening to the scanner to verify that indeed an incident has occurred. System sensor
occupancy is monitored continuously for affected locations and others nearby. In the absence of
corroborating accounts from the field and with continued high system sensor occupancy, operators
will attempt to make appropriate traffic signal timing adjustments from the RTOC. This process
takes approximately 10 minutes from event registration to validation/action. From that point,
monitoring and traffic signal timing changes continue until readings return to normal.

When no authorities or crews are on scene to observe a situation or system sensors are not present,
understanding the incident cause and conditions requires an observer to be dispatched to the scene.
According to MCDOT staff, it commonly takes 15 minutes for a vehicle dispatched from the RTOC
to reach a scene depending on the incident location and traffic conditions. In extreme cases, it may
take 25 to 30 minutes for an observer to reach the scene and return valuable information on
conditions in the field. Corrective action can be taken as necessary once the nature of the incident
has been determined. This may come, for example, in the form of a change in traffic signal timing
or phasing made in the field. The change may also be made from the RTOC. Revisions would
remain in effect until the incident has concluded

The process by which the MCDOT manages traffic signal system responses to incidents with its
CCTV cameras is summarized in Exhibit 7. At an intersection with CCTV camera coverage, the
operator uses the video equipment to observe the conditions and cause. They may then modify
traffic signal timing and/or phasing appropriately. They will continue to evaluate and adjust those
changes to optimize the response using the camera. Finally, the camera is used to determine when
the incident has concluded, allowing the operator to return the signal system to normal operation.

The hypothesis for evaluation objective number one is that “the presence of CCTV cameras at an
intersection experiencing an incident or diversion allows an RTOC operator to respond, assess,
mitigate, and return operationsto normal more quickly.”

Thefollowing measures of effectiveness were proposed to measure changes in responsetime.

Measures of Effectiveness

Changein time between identification and validation

Change in time to recognize validity of an incident (e.g., isasignal “stuck” in red?)
Changein timeto return to normal operations after event conclusion

To test the hypothesis, participating MCDOT operators were asked to maintain a log book, keeping
track of these response milestones when an incident or diversion took place. A samplelog sheet and
the instructions given to the operators are contained in Appendix A.
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Exhibit 7. MCDOT Traffic Monitoring Process with CCTV Cameras
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Sample Size:

Response times were logged by participating observers for al incidents or diversion events
affecting streets or arterial roadways between October 19, 2005 and February 1, 2006 at
both the CCTV and null sites.

Assumptions:

It was assumed that at least one incident or diversion would take place within the
designated data collection period. A total of 26 incidents were recorded during the data
collection period.

Data Coallection Methods and Toals:

Data was collected by each MCDOT operator using alog book.

The data were entered into a spreadsheet for analysis, comparison, and summary. A brief
summary of the incidents is contained in Exhibit 8. A more detailed summary spreadsheet
is presented in Appendix B.
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EXHIBIT 8

MONROE COUNTY DEPARTMENT OF TRANSPORTATION

I.T.S. CAMERA DEPLOYMENT & SYSTEMSINTEGRATION EVALUATION
P.I.N. 41TV.09.121

INCIDENT LOG SUMMARY

OCTOBER 19, 2005 THROUGH JANUARY 20, 2006

Log # Incident Date Camera L ocation Incident Registration Nature of Incident Validation Action Taken at the RTOC
Day Month [Date ([Year Time Method Method
1{Wednesday |10 19 2005 |East/Winton/University/Norrig/I-490 6:57 CCTV Pedestrian walking along 1-490 CCTV Call 911
2| Thursday 10 20 2005 |W. Main/Brown/Genesee/Chili 6:00 NYSDOT Tractor trailer crash required -390 northbound to be detoured at Chili NYSDOT Change Timing Pattern
Avenue
3| Thursday 10 20 2005 |Route 104 @ Maplewood 8:00 NYSDOT Maplewood Avenue exit of NY S Route 104 closed System Sensorg{Change Timing Pattern
4|Monday 10 24 2005 |NYSDOT Camera 6:40 CCTV Crash at Lake Avenue and Pattonwood Drive CCTV Change Timing Pattern
5| Tuesday 11 15 2005 |NYSDOT Camera24 Unlisted  |Unlisted Protected left turn phase short and causing backups at Brighton-Henrietta  [CCTV Field Crew Timing Change
Town Line Road and Clinton Avenue
6|Wednesday (11 16 2005 |[NYSDOT Camera 14 6:58 911/MDT Two-car crash blocking St. Paul Street at the Inner Loop Unlisted Ready Timing Change, Not Used
7|Monday 11 21 2005 |W. Main/Brown/Genesee/Chili 9:30 System Occupancy Fire trucks lined up along Genesee Street near Main Street CCtv Call for field work
8|Monday 11 21 2005 |Westfal/S. Clinton 16:25 CCTV Southbound traffic backed up by constant detector call for eastbound CCTV None Necessary
protected phase
9| Tuesday 11 22 2005 |Elmwood/Mt. Hope 7:45 91U/MDT Crash on Mt. Hope Avenue near Dunkin Doughnuts backed up traffic to CCTv Change Timing Pattern
Elmwood Avenue.
10|Wednesday (11 30 2005 |NYSDOT Camera 16 17:18 NYSDOT Multiple vehicle crash on 1-490 eastbound causing backup in right lane CCTV Change Timing Pattern
11|Friday 12 2 2005 |[NYSDOT Cameral6 16:10 CCTV Crash on 1-490 CCtv Change Timing Pattern
12|Friday 12 2 2005 |Elmwood/Mt. Hope 16:20 CCTV Crash at Mt. Hope Avenue and Crittenden Road. Right lane blocked CCTV Change Timing Pattern
southbound on Mt. Hope Avenue
13|Friday 12 2 2005 |East/Winton/University/Norris/I-490 17:12 91U/MDT Reported crash at University Avenue and Winton Road CCTv None Necessary
14|Friday 12 9 2005 |NYSDOT Camera 16 9:.01 CCTV Crash at intersection of Goodman Street and Pearl Street causing back-up on|CCTV Ready Timing Change, Not Used
Meigs Street.
15|Monday 12 12 2005 |Winton/Erie Cana 15:45 CCTV Complaint received of uncoordinated signals along Winton Road CCTv None Necessary
16| Tuesday 12 13 2005 |East/Winton/University/Norris/I-490 8:42 NYSDOT 1-590 backed up affecting Winton Road. CCTV Change Timing Pattern
17|Friday 12 16 2005 |O'Rorke Bridge Cameras 6:12 CCTV O'Rorke Bridge open for Stephen B. Roman. CCTV Observed Only
18| Thursday 12 29 2005 |Elmwood/Mt. Hope 7:13 Police/Fire Two-car crash at intersection of Mt. Hope Avenue and ElImwood Avenue. |CCTV Change Timing Pattern
19| Thursday 12 29 2005 |Elmwood/Mt. Hope 16:46 91U/MDT Crash at Mt. Hope Avenue and Elmwood Avenue intersection. CCtv None Necessary
20| Thursday 1 12 2006 |NYSDOT Camera 13 15:10 CCTV School bus crash backing up eastbound traffic on 1-490 CCTV Change Timing Pattern
21| Thursday 1 12 2006 |NYSDOT Cameral3 16:26 CCTV Car strikes back of aNY SDOT truck on 1-490 causing eastbound backup. |CCTV Change Timing Pattern
22|Friday 1 20 2006 |NYSDOT Camera 16 17:25 CCTV Crash on [-490 off-ramp to Goodman Street. CCTV Change Timing Pattern
23|Friday 1 20 2006 |Winton/Erie Cana 17:50 CCTV Unidentified incident CCTVv Observed Only
24| Thursday 1 26 2006 |NYSDOT Camera 13 6:45 911/MDT Two-car crash on |-490 westbound at Grape Street underpass Unlisted Observed Only
25| Thursday 1 26 2006 |Portland/Clifford 7:02 System Occupancy Occupancy reading high for system sensors northbound at the intersection of |Unlisted Observed Only
Portland Avenue and Clifford Avenue.
26|Wednesday |2 1 2006 |Elmwood/Mt. Hope 7:48 CCTV 70% system sensor occupancy on Mt. Hope Avenue and Elmwood Avenue |Unlisted Change Timing Pattern
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Data were recorded for a total of 26 incidents affecting streets or arterial roadways during the
collection period. Overall the time to validate an incident using a CCTV camera, regardless of the
method by which it was initially reported, was less than 4 minutes. On average it took 1 minute to
verify that an incident was true with a CCTV camera, regardless of the method by which it was
reported.

Of the 26 recorded incidents, 3 occurred at locations without a CCTV camera. Of those, two (cases
2 and 3) included complete response time data. In case 2, the operator relied only upon reports from
a NYSDOT crew for notification and verification. In case 3 the initial notification came from a
NYSDOT crew but the incident was verified with a system sensor reading. The logs indicate both
of these incidents were considered validated immediately upon notification. In each case, the
operator had the benefit of a crew on location for eyewitness account, speeding the response.

Of the 26 recorded incidents, 24 were classified by the operator as “true’ or “false’. Of the 24
events, 22 were classified as “true.” Nether of the 2 “falsg” alarms occurred at locations without
CCTV camera coverage.

The first “false” call (case 13) involved the 911 website reporting a crash at the intersection of
Winton Road and University Avenue. The operator used the East/Winton/University/Norris/I-490
camerato verify that there was indeed no accident at or near theintersection within 3 minutes.

A complaint of unsynchronized traffic signals along Winton Road generated the second “false” call
(case 15). The operator used the Winton/Erie Canal camera to observe the progression and
coordination. Observed conditions were compared at the RTOC against the proper timings for that
period. Within 3 minutes the operator verified that the traffic signals were operating correctly. In
this case, the camera saved the need for a field visit. Travel time from the RTOC to the Winton
Road exit of 1-590 would take approximately 6 to 8 minutes each way during the evening pesk
(perhaps longer from other, more remote starting points). In addition, the involvement of a second
agency to gain confirmation was avoided in this case as the Winton Road and 1-590 interchange
traffic signals are operated by the NYSDOT.

The time between incident validation and the first response is dependent upon the nature and
severity of the incident. For example, in case 18 a crash involving 2 vehicles was identified at the
intersection of Mount Hope Avenue and ElImwood Avenue a 7:13 AM on December 29, 2005.
Action, in the form of traffic signal timing changes, was not necessary until 7:48 AM as traffic
began to back up to Crittenden Boulevard under the load of morning peak hour volumes. The 35
minute gap does not reflect a failure to act quickly, but rather an appropriate timing of the response
based on the needs of traffic as observed with a CCTV camera. In 4 of the 9 recorded incidents,
(Cases 9, 10, 12, and 16), the operator observed traffic already backed up at a surface street
intersection using a CCTV camera and the action taken was to modify traffic signal timings from
the RTOC. Thetimes between verification and action were 0, 2, 13, and 1 minute, respectively.

Considering only incidents where a signa timing change was made and the conclusion was
confirmed via CCTV camera, seven cases (4, 9-12, 16, and 18) contained useful data on the time of
confirmed conclusion and a return to standard operation. The time between these two points varied
from less than 1 minute to a maximum of 5 with an average of approximately 2 ¥2 minutes. In case
18, the operator was able to see the 2 vehicles involved in the crash removed from the intersection
at 7:55 AM, abserve traffic flow returning to normal around 8:03 AM, and end the modified timing
scheme at 8:04 AM.

I TS Camera Deployment & Systems I ntegration Evaluation
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Therefore, in cases where no observers were immediately on scene, CCTV cameras allowed RTOC
operators to validate incidents quickly. Incident validations within the study period took 4 minutes
or less. CCTV cameras allowed operators to identify “false alarms’ within 3 minutes. When an
incident conclusion was verified with a CCTV camera and the corrective action had been a change
in traffic signal timings, operators were able to return the system to normal operation within 5
minutes of the incident’s conclusion. These timeframes are shorter than the reported 10 minutes to
corroborate system sensor data and 15 or more minutes expected to dispatch someone to the scene.
Thus, incident validation times were reduced by 50% to 80% saving between 5 and 12 minutes per
incident.

Evaluation Objective #2: Quantify traffic flow impacts of changes in incident response

The hypothesis for evaluation objective number two states that “the use of CCTV cameras to
monitor traffic during incidents and diversions and guide adjustments improves traffic
operations.”

The following measures of effectiveness were initially proposed to measure the traffic flow impacts
of incident response:

Mesasures of Effectiveness
Change in system sensor occupancy
Change in system sensor volume

To test the hypothesis, system sensor data was obtained at the RTOC. Data from the system sensors
was collected for periods during, and immediately after an incident or diversion. In the absence of
an incident or diversion, data was again collected from the same system sensors on an average day,
at the same time, under normal conditions providing a baseline for comparison.

Sample Size:

System sensor data was collected at regular intervals of 5 minutes over the duration of an
event and for %2 hour after its conclusion.

Assumptions:
At least one incident or diversion with adequate data would take place within the
designated data collection period. If none had occurred, an extension of the data collection
activities would have been necessary.

Data Collection Methods and Toals:

The DET_ID, LOG_TIME, SMOOTHED_VOL, and SMOOTHED_OCC data fields were
queried for each system sensor.

The data were entered into a spreadsheet for analysis, comparison, and summary.
Microsimulation was used to forecast changes in travel time and delay that would have
resulted from a delay in response time.

'} Bergmann 11
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One incident (case 9) was selected as a case study for this evaluation objective based upon the
following:

Completeness of the information available on the incident log

Availability of valid system sensor data just before, during, and after the incident
Availability of valid system sensor data in the absence of an incident

A documented impact on the surface street system

Excdlent system sensor coverage of individual travel lanes

A CCTV ingtallation allowing for a good view of all approaches

During this incident, a crash was reported by the 911 system on Mount Hope Avenue just south of
Crittenden Boulevard. The operator first became aware of the event at 7:45 AM on November 22,
2005. System sensor occupancy and the CCTV camera were immediately used to validate the
incident. The camera revealed that Mount Hope Avenue was severely congested and affecting the
Elmwood Avenue Intersection. Action was taken at the RTOC in the form of signal timing
modifications at that time. A 140 second cycle length was introduced at both intersections and splits
were adjusted appropriately based upon the visua information provided by the camera. Traffic
dissipated by 8:25 AM and the timings were returned to normal by 8:30 AM.

Volume and occupancy data were obtained from the Mount Hope and Elmwood Avenue
intersection system sensors, summarized, and plotted. Data were also collected on May 9, 2006 in
the absence of an incident and plotted as a basdine for comparison. A sample plot showing system
sensor occupancy is shown in Exhibit 9. All remaining plots, including volume plots, are available
in Appendix C. The volume data from May 9 match the pattern of November 22, remaining nearly
constant throughout the duration of the incident. The occupancy data clearly show a spike
correlating with the timing of the description written on the incident log. All approaches to the
Mount Hope and Elmwood Avenue intersection, except the northbound, were affected by the
congestion.

Exhibit 9: Sample System Sensor Data Plot

A simulation-based approach was utilized to

quantify the benefit of having used a CCTV SO"L"EEL‘ZL:L"T&%?"E;E
camera to quickly validate and manage the November 22, 2005
incident. A SimTraffic  microscopic (Oysiem Sensor 360
simulation model was constructed for the | =100 (& .

Mount Hope Avenue corridor (Highland 20-80 [
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forecast the effect of a delayed response on =020
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model for Mount Hope Avenue during the '”°fde”tResp°”fe
morning peak hour. Traffic volume and base | {&}'™*™ ™"
signal timing information were obtained

from the MCDOT area wide model and represent typical weekday conditions in the absence of an
incident. The incident was simulated by reducing southbound Mount Hope Avenue to one lane
south of the Crittenden Boulevard intersection. Traffic volumes were held constant. Incident
response signal timings for both the Crittenden Road and EImwood Avenue intersections were
obtained from the MCDOT.
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The Synchro model was exported to SimTraffic for microsimulation. The base incident run
consisted of three intervals, including a 20 minute seeding interval, a 20 minute build-up interval
(7:25 to 7:45) simulating congestion and delay prior to the timing change, and a 40 minute interval
(7:45 to 8:25) showing the impact of the timing adjustment. A base incident animation was
observed to verify that it accurately replicated the pattern of increasing and decreasing congestion
with respect to time as reported by the system sensors at the Mount Hope and EImwood Avenue
intersection.

A series of 5 additional runs were then completed, each extending the congestion build-up interval
by 2 minutes, to a maximum of 10 minutes. To account for the stochastic variation of traffic within
the model, data resulting from a series of 5 multiple simulations were averaged for each run.

Exhibit 10: Synchro Model for Exhibit 11: SimTraffic M odel
M ount Hope Avenue for Mount Hope Avenue

Total network travel time, total network delay, and total network fuel consumption were selected as
appropriate global measures of effectiveness. The data were recorded by the simulation during the
build-up and response intervals and are compared relative to the total travel time and total delay
present during typical conditions without an incident. The results were expressed in terms of
percent change.

Exhibits 12, 13, and 14 illustrate the inherent benefit of short incident detection and validation
times. The point at time zero, representing the documented time of incident response in case 9,
suggests a 40% eevated network travel time and a 90% elevated network delay given immediate
action. Those levels would have doubled over a 10 minute period had the camera not been
available. The travel time and delay would have further increased had it been necessary to wait for
an observer to be dispatched, reach the scene, and report back. Fuel consumption also increases
with delay in responsetime.
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Exhibit 12: Increasein Total Network Travel Timevs.

Delay in Initial Response

100%
80%
60%

40%

% Increase

0 A 39% increase in travel time would be experienced, compared to normal
20 Yo conditions, if an immediate response was applied.

0%

10




% Increase

Exhibit 13: Increasein Total Network Delay vs.
Delay in Initial Response
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Exhibit 14: Increasein Total Network Fuel Consumption vs.
Delay in Initial Response

A 16% increasein fuel consumption would be experienced, compared to normal
conditions, if an immediate response was applied.
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The following analysis is extrapolated based upon the Mount Hope Avenue incident data. The
timeline shown in Exhibit 15 reflects the conclusions drawn for Evaluation Objective 1. It is
assumed that a CCTV camera allows an operator to validate and react to an identified incident in 5
minutes or less. It takes approximately 5 minutes more to validate an incident at a location where
system sensors are present but no camera coverage is available. A minimum of 10 additional
minutesis needed to validate an incident when an observer must be dispatched to the scene.

Exhibit 15: Assumed Incident Response and Validation Timeline

Minutes

0 5 10 15
Incident Vaidate with Vaidate with Validate On-
Reported CCTV System Sensors Site

Exhibit 16 summarizes the network delay and fuel consumption figures resulting from the
SimTraffic model given the Mount Hope Avenue and Crittenden Boulevard incident conditions.
The expected delay and fuel consumption figures for an average day according to the model (no
incident) have been removed. The CCTV column functions as the baseline. The system sensor
column illustrates the results of action 5 minutes later and the on-site column a minimum of 10

minutes later.
Exhibit 16: SimTraffic Resultsfor Incident Case Study
M easur e of Effectiveness Validation M ethod
CCTV System Sensor s On-Site
Total Delay (veh-hr) 136 191 271
Total Fuel Consumption (gal) 72 131 200
Highway User Time Cost $1,960 $2,750 $3,900
Highway User Fuel Cost $220 $390 $600
Combined Time and Fuel Cost $2,180 $3,140 $4,500

The cost calculations assume peak hour vehicle occupancies of 1.2 persons per vehicle based upon
data from the Bureau of Transportation Statistics and the United States Department of
Transportation’s 2001 National Household Travel Survey. The cost of highway user time is
estimated at $12 per hour based upon the United States Department of Transportations' Revised
Departmental Guidelines for the Valuation of Travel Time in Economic Analysis (February 2003).
A fuel price of $3.00 per gallon was also assumed based on average 2005-2006 conditions.

Exhibit 17 illustrates the estimated benefit of CCTV use. The data collection period for this evaluation lasted
3.5 months. During that time, 16 of the 24 recorded incidents required action on the part of the RTOC
operators. Therefore, one may expect to experience 55 incidents requiring similar action over the course of an
entire calendar year. As a result, the annual cost savings to the traveling public due to the use of CCTV
cameras is estimated at over $50,000 thousand dollars per year when compared to the use of system sensors
alone and over $125,000 per year for locations without any means of gathering information short of an on-site
visit.
Exhibit 17: Estimated Cost Savingsdueto CCTV Use

Validation M ethod Estimated Cost Savings

Per Incident Annually
Use of CCTV versus System Sensor s $960 $52,800
Use of CCTV versus On-Site Validation $2,320 $127,600
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Thetotal contract cost of Phase 1 whichinstalled 5 CCTV cameras was $279,338.10. Thisyields an
average cost of approximately $55,860 per camera. The Phase 1 camera locations also generally
have system sensor coverage. Therefore, the savings experienced by the traveling public resulting
from use of the CCTV cameras would fully pay for the Phase 1 project in approximately 5 years.

Evaluation Objective #3: Describe intangible benefits of increased surveillance ability

The hypothesis for evaluation objective number three is that “the availability of visual information
provided by CCTV cameras improve the ability of RTOC operators to perform their job in the
event of an incident or diversion.”

Thefollowing qualitative measures of effectiveness were selected:
Measure of Effectiveness

Perceived change in ability of RTOC staff to monitor and adapt to changing traffic conditions and
incidents

Individual RTOC operators were interviewed at the end of the data collection period to solicit their
personal experiences after having used the CCTV camera system. Both positive and negative
feedback was solicited.

Sample Size:

ThreeMCDOT staff members who participated in the incident data collection process were
interviewed. In addition, one NYSDOT staff member was interviewed.

Assumptions:
Each operator interviewed utilizes the CCTV camera system during their daily routine.

Data Coallection Methods and Toals:

Theresults of the interviews are summarized below.

AREA VERSUS INTERSECTION COVERAGE

Proper placement of the CCTV cameras was noted as critical to their use and functionality. Though
each of the 5 phase 1 camera installations provides the operators with useful visual information, the
East/Winton/University/Norris/I-490 and Mount Hope/EImwood cameras are used most often by
the MCDOT operators because they provide the widest scope of visual information. From these
locations the operators can see both the subject intersection and the approaching roadway network.

In discussing the subject of “area’ versus “intersection” coverage, the operators expressed
appreciation for the ability to zoom out and observe network operations over the span of 3 or 4
intersections. They recognize that mid-block camera locations may require tall poles, high camera
mounting el evations, and additional cabinets.
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CAMERAS IMPROVING OPERATOR PERFORMANCE

The operators discussed how the visual information provided by the CCTV cameras helps them do
their jobs better when compared to the limited array of data provided by system sensors. They
explained that the CCTV cameras offer information on weather conditions affecting traffic flow
including snow and rain storms. MCDOT staff used the CCTV camera system to observe aflooding
event along 1-490 east of downtown Rochester, identify the resulting traffic backups in the
immediate area, and to assist in the planning of signal timing changes in neighboring areas before
the backups arrived.

The CCTV cameras allow operators to immediately examine real time conditions, improving their
understanding of why an incident or diversion is occurring. This information is used to quickly plan
and implement targeted mitigation. One operator cited an experience when system sensors were
registered 100% occupancy at the intersection of Portland Avenue and Norton Street to explain how
the lack of a CCTV camera can affect the response. In this case, the operator observed the situation
for about %2 hour waiting for a change in the readings and contacting others in an effort to
understand what might be causing them rather than immediately being able to determine the cause
and react immediately.

Moderate to high system sensor occupancies appear on the operator’s screen as a purple or red
arrow. The operators suggested this sometimes leads to uncertainty in determining if and how they
should take action. The CCTV cameras provide the visual information necessary to personaly
assess the situation and execute a tailored response with increased confidence.

Overall, the operators agree that they are able to provide a higher and more responsive quality of
service to the traveling public at locations with CCTV cameras. This is primarily due to the
availability of real-time visual information. At this time they believe it is not possible to provide
that same level of service at locations without camera coverage.

BENEFITSEXTENDING BEYOND INCIDENT MANAGEMENT

A particular use of the CCTV camera system outside the realm of typical incident management was
discussed during the interviews. Winton Road crosses 1-590 southeast of downtown Rochester. The
traffic signals at the 1-590 interchange are currently maintained and operated by the NYSDOT.
Neighboring signals on the arterial are operated by the MCDOT. At this time there is no direct
interconnection between the interchange signals and their neighbors. Coordination is time-based.
Sinceitsinstallation, the MCDOT has used the Winton Road/Erie Canal camera location to observe
the quality of traffic signal coordination along Winton Road. After observing the offsets and
modeling what was seen using Synchro, the staff has improved offsets, created, and maintained
cross coordination on Winton Road between 1-590, Brighton-Henrietta Town Line Road, and
Jefferson Road. The MCDOT envisions using this process to verify and adjust new signal timings
installed during future construction projects when camera coverage is available.

The RTOC occasionally receives “trouble calls’ concerning the operation of a specific traffic
signal. Common noatifications include a broken bulb, a power outage, a light “stuck in red” or an
inoperative loop detector. Operators can use the CCTV cameas to compliment information
provided by the computerized traffic control system. They will train the camera eye on the
approach for which a trouble call was received. If they observe a vehicle sitting on an approach but
no call is registered by the computer, they know something is wrong with that loop. They can also
use the camera and the computer together to provealight is not “stuck inred”. In this way they will

I TS Camera Deployment & Systems I ntegration Evaluation
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have avoided spending the manpower, equipment, and fuel costs necessary to send an observer out
to the scenefor visual verification.

MCDOT staff review and adjust peak hour timings around their system on a regular basis.
Observing an intersection and its operation via camera from the RTOC is a safer alternative to
standing alongside moving traffic at an intersection, especially where there are no parking lanes or
sidewalks from which similar observations can be made.

SUGGESTIONS FOR IMPROVEMENT

Several operators suggested a “fisheye zoom” function would expand a camera’s coverage from
one leg to al approaches of an intersection, thus improving its overall usefulness. With this
function installed, an operator could observe traffic flow on more than one approach at a time,
allowing them to monitor the effect of timing adjustments in one direction while ensuring that
crossing flow is not severdy affected.

Night time camera performance (black and white mode) was cited as generally poor. Glare from
approaching headlights is a problem for the operators. They suggested the use of color mode at all
times as a potential remedy.

An “auto tour” mode is available on the cameras. Under this function, the traffic camera pans much
like a security camera would in a building. The operators find the resulting picture movement
distracting as it tends to “catch” their eyes. This setting also causes more constant wear on the
machinery.

Ease of camera navigation was also discussed. The operators generally prefer joystick and keyboard
control to the system’s built in software control. The software does offer them a quick way to arrive
at a given camera location. One operator suggested implementing a clickable map that can take
them to a chosen camera and view on demand as a part of future upgrades.

The entire regional CCTV camera system is routinely used by both MCDOT and NYSDOT staff.
Each entity respects the “priority use” rights of the other owner; however there are times when
more than one person may have a reason to use a camera at one time. There is currently no way to
know which individual has control of a specific camera other than asking those within the RTOC
control room. In isolated instances, some operators cited using a camera for observation only to
have it moved out of position. At the time they were unable to ascertain if the movement was a
glitch or if someone else had assumed control. Placing a message on the screen indicating which
operator is in control of a camera at any given time was one suggestion discussed to help avoid
future confusion.

MISCELLANEOUS

NYSDOT operators generally use the CCTV camera system to observe expressway operations and
to assist in the dispatching of the Highway Emergency Local Patrol (HELP) vehicles to non-
recurring incidents. Upon validating an incident the NYSDOT operators may initiate a crash call to
the NY SP, place information on the region’s Variable Message Signs (VMS), or install a message
on the Highway Advisory Radio (HAR) system. In locations without CCTV camera coverage, the
NYSDOT operators rey on a site visit by a HELP truck, the NYSP, or verbal information on a
scanner to determine when and how to take action.

I TS Camera Deployment & Systems I ntegration Evaluation
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Evaluation Objective#4. |dentify the benefits and/or drawbacks of interagency coordination and
system integration

One of the goals stated in the Final Design Report for the |.T.S. Camera Deployment and Systems
Integration Project was to “Integrate the County ITS system with NYSDOT and other agencies
consistent with the Regional ITS Architecture.” To advance this goal, alarge amount of interagency
cooperation was required during planning, design, construction, and the initial operation phases.
Theintent of this evaluation objective was to document the experiences, both positive and negative,
related to interagency coordination and system integration.

Thefollowing qualitative measures of effectiveness have been selected to meet objective#4:

Mesasures of Effectiveness

Issues introduced by interagency cooperation
Compromises made by stakeholder agencies
Results perceived to hamper desired operations
Results perceived contributing to project successes

A narrative was written, based on the experiences of stakeholders including the MCDOT,
NYSDOT, the Consultant planning/ design team, etc. All perspectives were identified and
summarized. Issues and compromises discussed cover a range of topics from the general to the
specific.
Sample Size:

Experiences were drawn from each of the participating stakeholder agencies.
Assumptions:

Not applicable.

Data Collection Methods and Toals:

Comments will be summarized in written format.

Looking back upon the design effort, it is evident that interagency cooperation and decision making
are essential to success. Camera location is a prime example of how interagency cooperation can
shape the outcome and functionality of the final system. The MCDOT and NYSDOT worked
closely together to identify placements that would achieve both arterial and expressway
surveillance. As such, both agencies agreed that their RTOC operators should share control of all
cameras, including existing equipment. Ultimately, the use of an existing American Dynamics
video switch at the RTOC, owned by the NYSDOT, was agreed upon as the most cost effective
way to achieve integration. This move would max out the existing video switch. The NYSDOT
accepted this outcome given that they would be able to share in the functions of a new MCDOT
video switch to be installed under phase 2.

Connecting the new CCTV cameras to the RTOC also involved interagency cooperation and
system integration. Both the NYSDOT and Monroe County Pure Waters (MCPW) had existing
networks of fiber optic cable (144 fibers) located throughout the project area (refer to Appendix D).

I TS Camera Deployment & Systems I ntegration Evaluation
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Rather than install entirely new networks of conduit, pullboxes, and cable for each camera the
NYSDOT and MCPW agreed to share their existing trunk lines with the MCDOT to provide
camera “home runs’. Although they agreed to share their facilities, the MCPW required initially
that all splicesto their fiber optic trunk line be completed by MCPW forces to avoid damage by the
Contractor or other external organizations. Furthermore, step by step testing of cameras and fiber
drops were required of the Contractor prior to MCPW connection to the trunk line to avoid
confrontations that might occur if a CCTV camera didn’t function properly once connected to the
RTOC.

Security, flexibility, and responsibility are among common concerns resulting from the integration
of multiple systems maintained by multiple agencies. This is especialy relevant when multiple
operators have the ability to control and utilize each other’s equipment. To address this issue,
agencies at the RTOC are developing a tool to overcome these issues and affect compromise in the
form of a“Concept of Operations Plan”. Development of a plan for the RTOC began during phase
1 and is currently moving through the review and approval stages. The following statements
published in the phase 1 design approval document pertain to the required interactions and
agreements between the MCDOT and NYSDOT.

“The RTOC is a very good example of harmonious, coordinated multi-agency-run
operations center. To date, the center has run efficiently within the functionality of
its current framework. The additional functionality of implementing the above
mentioned system integration will require a closer working understanding of
responsibilities of both Monroe County and NYSDOT.

The concept of operations is therefore critical to the successful deployment and
maintenance of the County ITS devices. With this in mind, the NYSDOT and
MCDOT are in the process of finalizing an Operations Plan for the shared use of
the RTOC. In addition, a Memorandum of Understanding (MOU) between the
NYSDOT, MCDOT, New York Sate Police, and Greater Rochester International
Airport is being developed that will further define the operations and maintenance
activities at the RTOC.”

The document will set hours of operation, management, and staffing responsibilities, define the
responsibilities of staff, outline equipment ownership and maintenance responsibilities, describe
how the video display wall and CCTV camera equipment are shared, set security procedures,
procedures to recover from computer failures such as a system crash, and more. An officia
operations manual will also be issued for the RTOC as guidance to all involved in operating and
maintaining the facility.

Throughout the design and integration and implementation phases of this project, exceptional effort
was made to bring al involved agencies “around the tabl€’ to minimize any adverse impact to
existing and future operations. To date there have been no perceived or recorded events that could
be stated to hamper operations.

Interagency commitment stretching from top level management through RTOC staff and operators
to offer a coordinated freeway and arterial traffic management system has been a key ingredient to
the success of the RTOC system. Their cooperation has been put to the test during the short period
that the Monroe County CCTV cameras have been in operation. Mgjor freeway incidents have
necessitated the rerouting of traffic onto the arterial system and the retiming of traffic signals.
Through the use of cameras, the MCDOT has been able to respond to these incidents, change traffic
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signal timing patterns, and monitor the results during the incidents. NYSDOT staff has overseen the
function of Highway Emergency Local Patrol vehicles and worked hand in hand with the MCDOT
and NY SP to keep area motorists in motion. Their experiences speak to the success of the design,
construction, implementation, and integration plan where the effect of the whole is greater than the
sum of its parts.

Evaluation Objective#5: Quantify the savings and/or additional costsrealized dueto the sharing
of facilities

Several facilities and communication systems were shared in an effort to reduce overall project
costs. Thefollowing measure of effectiveness was selected for this evaluation objective:

Measure of Effectiveness
Difference between cost as installed and estimated cost without system integration

Actual construction cost data for the project were collected from MCDOT records. Construction
cost estimates will also be compiled to approximate what level of funding might have been spent
had facilities not been shared. The difference between these two figures will be calculated to show
net benefit or cost of facilities sharing. The future integration benefits of early installation of CCTV
NTCIP control will be evaluated relative to future construction and installation costs.

Sample Size:
Not Applicable.
Assumptions:
Construction cost data for the project will be made available by the MCDOT.

Data Coallection Methods and Toals:

Actual contractor bid prices for items in the contract were used to estimate costs without
facilities sharing. Where actual contractor bid prices are not available Weighted Average
Bid Prices were substituted.

Thefacilities and services shared to implement the MCDOT phase 1 CCTV camerainstallations are
listed below. These items represented a savings to the phase 1 construction contract. A plan sheet
illustrating each phase 1 CCTV location and the communications facilities shared to bring their
information back to the RTOC is available in Appendix D.

1. Portions of the existing Monroe County Department of Environmental Services (MCDES) fiber
optic cable network were used to provide camera “homeruns’ to the RTOC.

2. Portions of the existing NYSDOT fiber optic trunk cable were used to provide camera “home
runs’ to the RTOC.

3. Modems were purchased, tested, and set up by MCDOT staff. The modems were installed by
Crane Hogan Structural Systems.

I TS Camera Deployment & Systems I ntegration Evaluation
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4. Information from all new MCDOT cameras was routed through an existing NYSDOT video
switch, located at the RTOC.

Had facilities integration not been possible, the following items would have been required to
complete the project, adding approximately $1.7 Million dollars to the total contract cost of
$279,338.10, increasing it by 6 times. Items in the following table are expressed in metric units in
keeping with the phase 1 CCTV contract.

Exhibit 18: Estimated Cost Saved by Facilities Sharing and I ntegration

Item Unit | Quantity | Unit Cost Total Cost

TRAFFIC SIGNAL CONDUIT EXCAVATION AND M 3,050 $150 $457,500
RESTORATION IN COMPOSITE PAVEMENT

TRAFFIC SIGNAL CONDUIT EXCAVATION AND
RESTORATION IN GRASS AND UNPAVED AREAS

13,750 $35 $481250

PULLBOX — CIRCULAR, 750 MM DIAMETER,
REINFORCED CONCRETE

275 $1000 $275,000

MODEM, FIBER OPTIC, VIDEO (FURNISH AND TEST) 10 $1,600 $16,000

M
EA
CABLE, FIBER OPTIC, SINGLE MODE (6 FIBERS) M 16,800 $10 $168,000
EA
EA

VIDEO SWITCHER 1 $10,000 $10,000
ADDITIONAL CONSTRUCTION COST $1,407,750
SURVEY AND STAKEOUT LS 1 $30,000 $51,500
MAINTENANCE AND PROTECTION OF TRAFFIC LS 1 $42,000 $68,500
MOBILIZATION LS 1 $45,000 $75,000
CONSTRUCTION INSPECTION LS 1 $120,000 $110,000
ESTIMATED ADDITIONAL CONTRACT COST $1,644,750

Unit Conversion: 1 M = 3.2808 FT
This cost estimate is based on the following assumptions:

1. CCTV camera“homeruns’ would share conduit and fiber optic cable as shown in Exhibit 14.

2. CCTV “home runs’ would be routed to the RTOC over the most direct path, as shown in
Exhibit 14.

3. Fiber optic cable would be used for all CCTV “home runs’ rather than coaxial cable or spread

spectrum radio.

80% of the “home run” conduit would be installed in unpaved areas with the remaining 20%

under pavement.

Average 60 m (200 ft) spacing between pullboxes.

Two modems required per camera, one at the RTOC and one in thefield.

The cost of installing all modems was included in the original contract price.

The conduit costs include the excavation, conduit, and surface restoration.

Ea

© NGO

Use of NTCIP Standards

The National Transportation Communications for ITS Protocol (NTCIP) standards are being
developed to help operating agencies achieve interchangeability and interoperability. This is
extremely important in a project such as the MCDOT ITS Camera Deployment & Systems
Integration, where construction is completed in phases over a number of years. Key cost avoidance
can be achieved with the use of NTCIP Standards in such items as custom software, interfaces, and
with expanded opportunity to get bids from multiple suppliers.
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As the NYSDOT and MCDQOT share space within the RTOC and given the benefit of shared
control of CCTV cameras among both agencies, NTCIP standards were specified for the new
Monroe County Cameras and interface equipment. As Monroe County installs additional cameras
in subsequent phases and NYSDOT migrates from the existing legacy system to NTCIP,

interoperability by both agencies will be ensured thus avoiding the need for costly hardware and
software interfaces.

Exhibit 19: Assumed Routing for CCTV Cameraswithout Facilities Sharing
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3.0 Conclusion and Lessons Learned

The primary objectives of theinitiadl MCDOT CCTV deployments wereto:

Facilitate incident management
Facilitate traffic signal management
Enhance intersection monitoring
Advance integration with other agencies

This report documents an evaluation of the effectiveness of Monroe County’s 5 initial CCTV
deployments and the results of that investigation. The evaluation employed both quantitative and
qualitative measures. The purpose of the evaluation was to allow those responsible for funding,
development, design, and deployment of the MCDOT CCTV systems to understand the impact and
effect of ITS on transportation users, quantify the benefits, help guide future investment decisions,
and generate future improvement strategies.

Operators at the RTOC maintained a log book, keeping track of incident milestones and describing
their actions from October 2005 through February 1, 2006. The log entries suggest incident
management was facilitated by the CCTV cameras. Operators were able to validate incidents more
quickly than they could have at locations with system sensors alone and no on-site observer. In
general, validation of incidents took place within 4 minutes. Operators were also able to reverse any
changes they made to signal timings within 5 minutes of an incident’ s conclusion.

Using one specific incident as a case study, system sensor data were plotted and a microsimulation
model was used to quantify the benefit of a quick response. During the incident, signal timings had
been modified in response impending gridlock on an arterial street. The simulation test results
indicate that for every minute of delay in reacting to the incident (i.e. changing the timings), the
total travel time, total delay, and total fuel consumption within the affected area would have
increased by 3% to 5%. Assuming the initial 5 CCTV installations have allowed operators to react
at least 5 minutes quicker than they could with system sensor information alone, that this is a
representative incident, and that the MCDOT system is well instrumented with system sensors, the
extrapolated annual savings to the traveling public would pay for the entire $280 thousand dollar
project in approximately 5 years. In the future, the county could recover costs more quickly for
similarly priced CCTV installations in incident prone areas without system sensor coverage.

Operators were interviewed to solicit their personal experiences after the incident data collection
period. It was clear from the interviews that the operators believe CCTV cameras have made their
jobs easier, allowing them to improve the speed and quality of the service delivered to the public.
They feel their responses are better informed with visual information and they have increased
confidence in the appropriateness of their actions. Use of the CCTV cameras outside the realm of
incident response was also discussed. Since installation, the cameras have been used for
coordination of non-interconnected traffic signals, verification of trouble calls, and routine
observation of field signal timings. Suggestions for improvement include an ability to monitor more
than one opposed intersection approach at a time, improved night time vision, and enhanced
navigation tools.

Interagency coordination and system integration were discussed reative to compromise and the
overall success of the project. The NYSDOT has shared an existing video switch with the MCDOT
in phase 1 in return for the use of a future switch to be installed under phase 2. MCPW dedicated
spare fibers within its local trunk lines to the MCDOT cameras. MCPW also initially required that

I TS Camera Deployment & Systems I ntegration Evaluation
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all splices were completed by their own forces to protect the existing facility. All occupants of the
RTOC are involved in developing a “Concept of Operations Plan”, defining the roles and
responsibilities of each agency within its shared environment. Overall, a high level of interagency
commitment, spanning all levels of the involved agencies, has come to provide the traveling public
with a coordinated expressway and arterial traffic management system.

The MCDOT ITS Camera Deployment & Systems Integration project involved the sharing of
facilities among the MCDOT, NYSDOT, and MCDES to save unnecessary costs. Shared facilities
were identified and used to quantify the estimated increase in contract cost had integration not
occurred. The results suggest that phase one's $280 thousand dollar construction cost might have
risen to nearly $2 million had it been necessary to install entirely new conduit, pullboxes, fiber
optic cable, separately purchase modems, and furnish a stand alone video switching device.

Exhibit 20: Summary of Findings

Objective Findings

Quantify changes in incident response time. - Incident validation times were reduced 50% to
80% by the CCTV cameras, saving between 5 and
12 minutes of response time per incident.

Quantify traffic flow impacts of changes to incident |. A 3% to 5% decrease in delay, travel time, and fud
response. consumption was estimated per minute saved
during incident response.

The extrapolated annual savingsto thetraveling
public asaresult of theinitial 5 CCTV installations
should pay for the entire $280 thousand dollar
project in approximately 5 years.

Describei ntangi ble benefits of increased surveillance |. |mpr0vaj operator pe‘forma’]ce viaincreased
ability. incident awareness and understanding.

Higher and more responsive quality of service
made available to the traveling public because of
real-time visud information

Cross-coordination by offset and cycle observation
Improved ahility to screen out false calls.

Identlfy the benefits and/or drawbacks of interagency . Areawide survellance Capab| ||ty Covering both
coordination and system integration. arterials and expressways owned by multiple
agencies.

Improved use of existing facilities, including those
with excess (communication) capacity

Improved management of security, flexibility, and
responsibility concerns.

Improved area wide incident response.

Quantify the savings and/or costs realized due to the . $1.7 million dollars saved.

sharing of facilities.

Finally, among the lessons learned during the eval uation process are the following:

It is advisableto remain “flexible” when performing an ITS evaluation. An evaluation team
may find that the data collected does not meet every expectation made prior to study,
however that data can bejust as useful in different ways given a modified approach.
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The traveling public can benefit from enhanced service at reduced cost when agencies
cooperate and willingly sharetheir facilities for the good of all involved.

The experiences and comments of transportation management center staff that use the
cameras each day to serve the traveling public are the greatest indicators of the value of
visual information provided by CCTV camera installations.
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Appendix A: Sample Incident Log and Instructions
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TIME REGISTERED:

LlaM [IPMm

METHOD:

[ ] CCTV CAMERA

[ ] SYSTEM SENSOR OCCUPANCY
[1911/MDT

[ 1 POLICE / FIRE

[ 1 MCDOT/NYSDOT CREW

[ 1 OTHER

MONROE COUNTY I.T.S. CAMERA DEPLOYMENT & SYSTEMS INTEGRATION EVALUATION

INCIDENT LOG

DATE:

CAMERA LOCATION (IF USED) :

SYSTEM SENSOR DATA :

Year: [] EAST AVE/WINTON/UNIVERSITY/NORRIS/I-490

Month:

[ ] START RECORDING

] WESTFALL/SOUTH CLINTON CJAM [OPM
[J] ELMWOOD/MT. HOPE
] WEST MAIN/BROWN/GENESEE/CHILI AVE [] STOP RECORDING

Day: ] WINTON ROAD/ERIE CANAL BRIDGE C]aM [1PM

[ 1 NYSDOT CAMERA LOCATION NUMBER :

TIME VALIDATED:

LlaM [IPMm

[ | TRUE INCIDENT
[ | FALSE ALARM

METHOD:

[ ] CCTV CAMERA

[ ] SYSTEM SENSOR OCCUPANCY
[1911/MDT

[ 1 POLICE / FIRE

[ 1| MCDOT/NYSDOT CREW

[ 1 OTHER

Give the incident location and describe initial information available.

Describe the incident (or false alarm).

TIME ACTION TAKEN AT RTOC:
1AM [IPM
[ ] NO CORRECTIVE ACTION TAKEN

TIME OF CONFIRMED CONCLUSION:
LlaM [IPMm

METHOD:

[ ] CCTV CAMERA

[ ] SYSTEM SENSOR OCCUPANCY
[1911/MDT

[ 1 POLICE / FIRE

[ 1| MCDOT/NYSDOT CREW

[ 1 OTHER

Describe the action(s) taken at the RTOC to address the incident, if any. Were the initial actions successful or
were multiple trials required? If traffic signal timings/phasings were changed, when? When were they returned

to normal?

Describe how it was determined that the incident was over. What, if anything, was done to return to standard

operating procedure?

RETURN TO STANDARD OPERATION:

LlaM [IPMm

DOCUMENTED BY:
NAME:

ORGANIZATION:

[ 1 McDOT
[ 1 NYSDOT
[ 1 OTHER

Use this section to make any other comments or observations
necessary.
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| ntroduction

An ITS evaluation allows those responsible for funding, development, design, and deployment to
understand the impact and effect of ITS on transportation users, quantify the benefits, help guide
future investment decisions, and generate future improvement strategies. Comprehensive
evaluations often require both quantitative and qualitative measures. This log is part of the data
collection effort necessary to assess the effectiveness of Monroe County’s 5 initiadl CCTV
deployments.

Datawill be collected for the following four CCTV locations:

1 East Avenue/Winton, University/Winton, and Winton/Norris Drive/[-490 (1-490 Interchange)
2 Wedtfall Road and South Clinton Avenue

3. Elmwood Avenue and Mt. Hope Avenue

4 West Main Street and Brown Street / Genesee Street / Chili Avenue

These intersectio/CCTV camera locations were chosen because system sensors are already
available for the collection of data at the RTOC. The Winton Road and 1-490 Westbound On-Ramp
location also provides the opportunity to study a place where diversions from accidents on the
expressway may Occur.

In addition, data will be collected from two “null” locations where system sensors are available for
the collection of intersection data but CCTV cameras are not present. The selected “null”
intersections are:

1. Mount Read Boulevard and Lye| Avenue
2. Ridge Road, Stone Road, and Corona Road

The purpose of thislog isto collect data necessary to meet the following evaluation objective:
Evaluation Objective #1: Quantify changesin incident response time

The hypothesis for evaluation objective #1 is that “the presence of CCTV cameras at an
intersection experiencing an incident or diversion will allow an RTOC operator to respond,
assess, mitigate, and return operations to normal more quickly.

To test the hypothesis, operators are asked to maintain this log book, keeping track of response
milestones when an incident or diversion takes place. The response times from CCTV camera
locations will be compared to the same data collected at the null [ocations.

The following measures of effectiveness will be used to measure changes in response time due to
the presence of CCTV cameras.

Mesasures of Effectiveness

Changein time between identification and validation

Change in time to recognize validity of an incident (e.g., isasignal “stuck” in red?)
Changein timeto return to normal operations after event conclusion

Data shall be logged for all incidents or diversion events that occur within the observation data
collection period at both the CCTV and null sites.
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Log Instructions

PLEASE FILL OUT ONE LOG PAGE FOR EACH INDIVIDUAL INCIDENT
DATE:

Fill in the year, month, and day of the incident or diversion recorded.

LOCATION:

Check the box showing the location for which the datais recorded.

SYSTEM SENSOR DATA:

System sensor data is to be recorded at regular intervals of 5 minutes over the duration of the
incident and for at least %2 hour after its confirmed conclusion. Check “start recording” when
system sensor data recording begins and “ stop recording” when it ends to verify this has been done.
Pleasefill in the start and stop times for recording and check the appropriate box for AM or PM.

TIME REGISTERED:

Enter the time (hour and minute) at which the operator was first made aware of an incident. Check
the proper box for AM or PM. Also check the proper box for the method by which the operator was
informed. If the operator first became aware of the incident in an unlisted manner, please check
“other” and specify the actual method.

TIME VALIDATED:

Enter the time (hour and minute) when it was determined that this was in fact an actual incident or a
false alarm. For example, a false alarm might be an unsubstantiated claim that a side street signal
was “stuck” in red. Check the proper box for AM or PM. Also check the proper box for method of
verification. If the operator verified the incident in an unlisted manner, please check “other” and
specify the actual method.

TIME ACTION TAKEN AT RTOC:

Enter the time (hour and minute) when the first responsive action was taken by the operator at the
RTOC. Check the proper box for AM or PM. For example, give the time when an adjustment to the
signal timing was made in response to the incident. Another example would involve the time an
operator called for a crew to repair the problem or remove a disabled vehicle. If no corrective action
was taken, please check the proper box.

TIME OF CONFIRMED CONCLUSION:
Enter the time (hour and minute) when the operator confirmed that the incident had ended. For

example, when traffic has ceased to divert through an intersection and traffic delays have returned
to normal levels, the incident would be over. Check the proper box for AM or PM. Also check the
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proper box for the verification method. If the operator verified the incident in an unlisted manner,
please check “other” and specify the actual method.

RETURN TO STANDARD OPERATION:

Enter the time (hour and minute) when the operator has returned all systems to standard operation.
For example, this would be the time when traffic signal timings were returned to their default
settings. Check the proper box for AM or PM.

DOCUMENTED BY:

Please enter the name of the operator completing the log. Also enter the organization with which
they are affiliated. If the organization is not listed, please check other and specify the correct
organization.

NOTES SECTIONS:

Please give a brief descriptive narrative for each section. During the event, an operator may choose
to writein afew key words that would later be used to fill in that section. Please complete the notes
sections as soon after the event conclusion as possible to retain as many details of the incident or
event as possible.
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Appendix B: Incident Log Summary Spreadsheet
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MONROE COUNTY DEPARTMENT OF TRANSPORTATION
I.T.S. CAMERA DEPLOYMENT & SYSTEMS INTEGRATION EVALUATION

P.I.N. 41TV.09.121

INCIDENT LOG SUMMARY
OCTOBER 19, 2005 THROUGH JANUARY 20, 2006

Log # Date Camera Time Registered Time Validated Incident? Time Action Taken At RTOC Time of Confirmed Conclusion Return to Standard Operation
Year Month Day Location |Description Time Method Time Method Time Action Taken? Time Method Time
Code
1 2005 10 19 1|East/Winton/University/Norris/I-490 6:57 1|CCTV 6:57 1|CCTV TRUE 7:00[Yes Call 911 7:12
2 2005 10 20 4|W. Main/Brown/Genesee/Chili 6:00 5|NYSDOT 6:00 5|NYSDOT TRUE 8:46|Yes Change Timing Pattern 10:45 5|NYSDOT
3 2005 10 20 0|Route 104 @ Maplewood 8:00 5[NYSDOT 8:00 2|SYS SEN TRUE 8:13|Yes Change Timing Pattern 9:36 2[SYS SEN 9:36
4 2005 10 24 6|/NYSDOT Camera XX 6:40 1|CCTV 6:40 1|CCTV TRUE 6:50|Yes Change Timing Pattern 7:50 1|CCTV 7:50
5 2005 11 15 6[NYSDOT Camera 24 16:30 1|CCTV TRUE 17:10|Yes Field Crew Timing Change 17:30
6 2005 11 16 6|NYSDOT Camera 14 6:58 3|911/MDT 6:58 6:58|No Ready Timing Change, Not Used 7:08 5|NYSDOT 7:09
7 2005 11 21 2|W. Main/Brown/Genesee/Chili 9:30 2|System Occupancy 9:30 1|CCTV TRUE 9:35|Yes Call for field work 11:30 1|CCTV + SS&TC
8 2005 11 21 4|Westfall/S. Clinton 16:25 1|CCTV 16:25 1|CCTV TRUE 16:40[{No None Necessary
9 2005 11 22 3|Elmwood/Mt. Hope 7:45 3[(911/MDT 7:45 1[CCTV TRUE 7:45|Yes Change Timing Pattern 8:23 1|CCTV 8:25
10 2005 11 30 6|NYSDOT Camera 16 17:18 5|NYSDOT 17:20 1|CCTV TRUE 17:22|Yes Change Timing Pattern 18:13 1|CCTV 18:13
11 2005 12 2 6[NYSDOT Camera 16 16:10 1[CCTV 16:11 1[CCTV TRUE 16:15|Yes Change Timing Pattern 16:26 1|CCTV 16:30
12 2005 12 2 3|Elmwood/Mt. Hope 16:20 1|CCTV 16:21 1|CCTV TRUE 16:34|Yes Change Timing Pattern 16:55 1|CCTV 17:00
13 2005 12 2 1|East/Winton/University/Norris/I-490 17:12 3[(911/MDT 17:15 1|CCTV FALSE No None Necessary
14 2005 12 9 6|NYSDOT Camera 16 9:01 1|CCTV 9:03 1|CCTV TRUE No Ready Timing Change, Not Used 9:20
15 2005 12 12 5|Winton/Erie Canal 15:45 1|CCTV 15:48 1|CCTV FALSE No None Necessary
16 2005 12 13 1|East/Winton/University/Norris/I-490 8:42 5|NYSDOT 8:44 1{CCTV TRUE 8:45|Yes Change Timing Pattern 9:30 1|CCTV 9:35
17 2005 12 16 7|0'Rorke Bridge Cameras 6:12 1[CCTV 6:15 1[CCTV TRUE No Observed Only 6:26 1|CCTV 6:35
18 2005 12 29 3|ElImwood/Mt. Hope 7:13 4|Police/Fire 7:13 1{CCTV TRUE 7:48|Yes Change Timing Pattern 8:03 1|CCTV 8:04
19 2005 12 29 3|ElImwood/Mt. Hope 16:46 3[(911/MDT 16:46 1[CCTV TRUE No None Necessary 17:05 1|CCTV
20 2006 1 12 6[NYSDOT Camera 13 15:10 1|CCTV 15:10 1|CCTV TRUE 15:10(|Yes Change Timing Pattern 15:50 1|CCTV 15:50
21 2006 1 12 6|NYSDOT Camera 13 16:26 1{CCTV 16:30 1[CCTV TRUE 16:45|Yes Change Timing Pattern 17:45 1|CCTV 17:45
22 2006 1 20 6|NYSDOT Camera 16 17:25 1{CCTV 17:26 1{CCTV TRUE 17:30|Yes Change Timing Pattern 18:30
23 2006 1 20 5[Winton/Erie Canal 17:50 1[CCTV 17:50 1[CCTV TRUE No Observed Only 19:00
24 2006 1 26 6[NYSDOT Camera 13 6:45 3[911/MDT TRUE No Observed Only 7:09
25 2006 1 26 0[Portland/Clifford 7:02 2[System Occupancy UNKNOWN No Observed Only 7:39 2|SYS SEN 7:39
26 2006 2 1 3|ElImwood/Mt. Hope 7:48 1|CCTV TRUE 7:50|Yes Change Timing Pattern 8:10 1|CCTV 8:11

W:\Transpo\jobs\Monroe County ITS\Reports\Evaluation Report\Final Evaluation Report\ITS Eval Incident Log Summary.xls

7/27/2006

Page 1 of 1
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Appendix C: Case 9 Volume and System Sensor Plots
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M ount Hope Avenue
Southbound Right Turn Lane

November 22, 2005

(System Sensor 387)
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Elmwood Avenue
Eastbound Through Lane

November 22, 2005
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Elmwood Avenue
Westbound Through Lane

November 22, 2005
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(System Sensor 385)
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M ount Hope Avenue
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M ount Hope Avenue

Southbound Through Lane

November 22, 2005
(System Sensor 386)
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Elmwood Avenue

Eastbound Through Lane
November 22, 2005
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SimTraffic Simulation Summary NULL (No Incident)
5/15/2006

Summary of All Intervals

Run Number 1 2 3 4 5 Avg
Start Time 7:05 7:05 7:05 7:05 7:05 7:05
End Time 8:25 8:25 8:25 8:25 8:25 8:25
Total Time (min) 80 80 80 80 80 80
Time Recorded (min) 60 60 60 60 60 60
# of Intervals 3 3 3 3 3 3
# of Recorded Intvis 2 2 2 2 2 2
Vehs Entered 7165 7196 7186 7152 7167 7174
Vehs Exited 7146 7221 7186 7075 7164 7158
Starting Vehs 332 352 337 312 337 333
Ending Vehs 351 327 337 389 340 345
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 2 1 2 8 0 2
Travel Distance (mi) 5449 5483 5467 5405 5455 5452
Travel Time (hr) 334.1 355.7 337.2 373.7 338.9 347.9
Total Delay (hr) 143.4 164.4 145.8 184.7 146.8 157.0
Total Stops 10553 11795 10847 12961 10980 11426
Fuel Used (gal) 427.8 440.2 428.7 458.4 433.5 437.7

Interval #0 Information Seeding

Start Time 7:05
End Time 7:25
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,
No data recorded this interval.

Interval #1 Information Pre

Start Time 7:25
End Time 7:45
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 2349 2401 2399 2341 2381 2374
Vehs Exited 2371 2386 2393 2300 2404 2373
Starting Vehs 332 352 337 312 337 333
Ending Vehs 310 367 343 353 314 338
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 4 4 1 1 1 1
Travel Distance (mi) 1843 1845 1846 1798 1808 1828
Travel Time (hr) 110.1 123.4 111.1 117.1 105.6 113.5
Total Delay (hr) 45.5 58.9 46.1 54.1 42.3 49.4
Total Stops 3407 4220 3571 4027 3303 3708
Fuel Used (gal) 138.0 148.5 144.8 150.1 139.9 144.3

SimTraffic Report
Page 1
Bergmann Associates



SimTraffic Simulation Summary NULL (No Incident)
5/15/2006

Interval #2 Information Null

Start Time 7:45
End Time 8:25
Total Time (min) 40

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 4816 4795 4787 4811 4786 4801
Vehs Exited 4775 4835 4793 4775 4760 4788
Starting Vehs 310 367 343 353 314 338
Ending Vehs 351 327 337 389 340 345
Denied Entry Before 4 4 1 1 1 1
Denied Entry After 2 1 2 8 0 2
Travel Distance (mi) 3606 3638 3621 3607 3647 3624
Travel Time (hr) 224.1 232.3 226.1 256.6 233.3 234.5
Total Delay (hr) 97.9 105.5 99.7 130.6 104.6 107.7
Total Stops 7146 7575 7276 8934 7677 7722
Fuel Used (gal) 289.7 291.7 283.9 308.3 293.6 293.4

SimTraffic Report
Page 2
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SimTraffic Simulation Summary Base Incident Run (Camera)
5/15/2006

Summary of All Intervals

Run Number 1 2 3 4 5 Avg
Start Time 7:05 7:05 7:05 7:05 7:05 7:05
End Time 8:25 8:25 8:25 8:25 8:25 8:25
Total Time (min) 80 80 80 80 80 80
Time Recorded (min) 60 60 60 60 60 60
# of Intervals 3 3 3 3 3 3
# of Recorded Intvis 2 2 2 2 2 2
Vehs Entered 7093 7196 6939 7160 7167 7110
Vehs Exited 7072 7120 6892 7082 7101 7051
Starting Vehs 391 384 421 345 355 377
Ending Vehs 412 460 468 423 421 434
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 74 1 249 0 0 65
Travel Distance (mi) 5391 5431 5262 5425 5420 5386
Travel Time (hr) 481.3 484.3 605.7 399.9 438.3 481.9
Total Delay (hr) 292.6 294.8 421.0 210.3 247.4 293.2
Total Stops 15210 17385 16307 13411 14043 15270
Fuel Used (gal) 509.4 507.0 569.1 475.1 487.2 509.6

Interval #0 Information Seeding

Start Time 7:05
End Time 7:25
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,
No data recorded this interval.

Interval #1 Information Pre

Start Time 7:25
End Time 7:45
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 2349 2401 2396 2341 2381 2374
Vehs Exited 2248 2284 2280 2294 2299 2283
Starting Vehs 391 384 421 345 355 377
Ending Vehs 492 501 537 392 437 470
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 4 4 4 1 1 2
Travel Distance (mi) 1766 1766 1743 1793 1738 1761
Travel Time (hr) 142.6 149.4 153.2 125.4 127.9 139.7
Total Delay (hr) 80.7 87.7 91.7 62.5 67.0 77.9
Total Stops 4930 5584 5418 4449 4289 4936
Fuel Used (gal) 152.8 158.3 161.5 154.4 147.8 155.0

SimTraffic Report
Page 1
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SimTraffic Simulation Summary Base Incident Run (Camera)
5/15/2006

Interval #2 Information Incident

Start Time 7:45
End Time 8:25
Total Time (min) 40

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 4744 4795 4543 4819 4786 4740
Vehs Exited 4824 4836 4612 4788 4802 4773
Starting Vehs 492 501 537 392 437 470
Ending Vehs 412 460 468 423 421 434
Denied Entry Before 4 4 4 1 1 2
Denied Entry After 74 1 249 0 0 65
Travel Distance (mi) 3625 3664 3519 3632 3682 3625
Travel Time (hr) 338.8 334.8 452.6 274.5 310.4 342.2
Total Delay (hr) 211.8 207.0 329.3 147.7 180.3 215.3
Total Stops 10280 11801 10889 8962 9754 10331
Fuel Used (gal) 356.6 348.8 407.6 320.7 339.4 354.6

SimTraffic Report
Page 2
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SimTraffic Simulation Summary 2 Minute Response Delay
5/15/2006

Summary of All Intervals

Run Number 1 2 3 4 5 Avg
Start Time 7:05 7:05 7:05 7:05 7:05 7:05
End Time 8:27 8:27 8:27 8:27 8:27 8:27
Total Time (min) 82 82 82 82 82 82
Time Recorded (min) 62 62 62 62 62 62
# of Intervals 3 3 3 3 3 3
# of Recorded Intvis 2 2 2 2 2 2
Vehs Entered 7347 7430 7194 7426 7392 7357
Vehs Exited 7298 7363 7111 7336 7286 7279
Starting Vehs 391 384 421 345 355 377
Ending Vehs 440 451 504 435 461 458
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 50 1 228 0 0 55
Travel Distance (mi) 5571 5592 5452 5616 5568 5560
Travel Time (hr) 505.8 508.2 630.8 417.9 462.7 505.1
Total Delay (hr) 310.7 313.2 439.4 221.5 266.6 310.3
Total Stops 15956 18051 17774 13848 14843 16094
Fuel Used (gal) 530.4 529.8 591.7 489.2 504.3 529.1

Interval #0 Information Seeding

Start Time 7:05
End Time 7:25
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,
No data recorded this interval.

Interval #1 Information Pre

Start Time 7:25
End Time 7:47
Total Time (min) 22

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 2580 2638 2592 2600 2605 2604
Vehs Exited 2480 2518 2486 2537 2525 2509
Starting Vehs 391 384 421 345 355 377
Ending Vehs 491 504 527 408 435 476
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 3 1 42 8 2 11
Travel Distance (mi) 1938 1948 1895 1980 1905 1933
Travel Time (hr) 159.2 166.5 172.0 139.1 142.6 155.9
Total Delay (hr) 91.3 98.5 105.1 69.7 75.9 88.1
Total Stops 5555 6255 6037 4955 4828 5526
Fuel Used (gal) 169.6 175.3 178.9 170.7 163.6 171.6

SimTraffic Report
Page 1
Bergmann Associates



SimTraffic Simulation Summary 2 Minute Response Delay
5/15/2006

Interval #2 Information Incident

Start Time 7:47
End Time 8:27
Total Time (min) 40

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 4767 4792 4602 4826 4787 4756
Vehs Exited 4818 4845 4625 4799 4761 4770
Starting Vehs 491 504 527 408 435 476
Ending Vehs 440 451 504 435 461 458
Denied Entry Before 3 1 42 8 2 11
Denied Entry After 50 1 228 0 0 55
Travel Distance (mi) 3633 3644 3556 3636 3662 3626
Travel Time (hr) 346.6 341.6 458.9 278.8 320.0 349.2
Total Delay (hr) 219.4 214.7 334.4 151.9 190.7 222.2
Total Stops 10401 11796 11737 8893 10015 10565
Fuel Used (gal) 360.9 354.5 412.7 318.5 340.7 357.5

SimTraffic Report
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SimTraffic Simulation Summary 4 Minute Delay Incident
5/15/2006

Summary of All Intervals

Run Number 1 2 3 4 5 Avg
Start Time 7:05 7:05 7:05 7:05 7:05 7:05
End Time 8:29 8:29 8:29 8:29 8:29 8:29
Total Time (min) 84 84 84 84 84 84
Time Recorded (min) 64 64 64 64 64 64
# of Intervals 3 3 3 3 3 3
# of Recorded Intvis 2 2 2 2 2 2
Vehs Entered 7635 7668 7309 7654 7632 7580
Vehs Exited 7552 7532 7227 7557 7500 7474
Starting Vehs 391 384 421 345 355 377
Ending Vehs 474 520 503 442 487 484
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 20 4 332 0 1 72
Travel Distance (mi) 5772 5755 5555 5807 5732 5724
Travel Time (hr) 528.8 562.8 682.1 429.6 505.1 541.7
Total Delay (hr) 326.6 361.8 486.8 226.6 303.3 341.0
Total Stops 18104 18659 17922 14466 15692 16971
Fuel Used (gal) 549.8 562.7 629.0 509.2 533.7 556.9

Interval #0 Information Seeding

Start Time 7:05
End Time 7:25
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,
No data recorded this interval.

Interval #1 Information Pre

Start Time 7:25
End Time 7:49
Total Time (min) 24

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 2834 2878 2786 2824 2848 2834
Vehs Exited 2685 2723 2668 2763 2732 2715
Starting Vehs 391 384 421 345 355 377
Ending Vehs 540 539 539 406 471 496
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 7 2 67 12 0 17
Travel Distance (mi) 2108 2109 2051 2165 2057 2098
Travel Time (hr) 176.5 183.9 191.7 153.1 157.8 172.6
Total Delay (hr) 102.7 110.3 119.3 77.1 85.8 99.0
Total Stops 6155 6812 6652 5474 5280 6073
Fuel Used (gal) 186.7 191.0 196.8 186.3 177.5 187.7

SimTraffic Report
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SimTraffic Simulation Summary 4 Minute Delay Incident
5/15/2006

Interval #2 Information Incident

Start Time 7:49
End Time 8:29
Total Time (min) 40

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 4801 4790 4523 4830 4784 4747
Vehs Exited 4867 4809 4559 4794 4768 4758
Starting Vehs 540 539 539 406 471 496
Ending Vehs 474 520 503 442 487 484
Denied Entry Before 7 2 67 12 0 17
Denied Entry After 20 4 332 0 1 72
Travel Distance (mi) 3663 3646 3504 3642 3675 3626
Travel Time (hr) 352.2 378.8 490.4 276.5 347.4 369.1
Total Delay (hr) 223.9 251.5 367.4 149.4 217.6 242.0
Total Stops 11949 11847 11270 8992 10412 10895
Fuel Used (gal) 363.1 371.7 432.2 322.9 356.1 369.2

SimTraffic Report
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SimTraffic Simulation Summary 6 Minute Delay Incident
5/15/2006

Summary of All Intervals

Run Number 1 2 3 4 5 Avg
Start Time 7:05 7:05 7:05 7:05 7:05 7:05
End Time 8:31 8:31 8:31 8:31 8:31 8:31
Total Time (min) 86 86 86 86 86 86
Time Recorded (min) 66 66 66 66 66 66
# of Intervals 3 3 3 3 3 3
# of Recorded Intvis 2 2 2 2 2 2
Vehs Entered 7903 7913 7578 7853 7837 7818
Vehs Exited 7848 7797 7495 7737 7729 7718
Starting Vehs 391 384 421 345 355 377
Ending Vehs 446 500 504 461 463 474
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 22 1 323 32 23 80
Travel Distance (mi) 5987 5959 5748 5946 5884 5905
Travel Time (hr) 550.5 573.9 728.6 456.2 519.5 565.7
Total Delay (hr) 340.7 365.9 526.6 248.4 312.3 358.8
Total Stops 18644 20451 19124 14966 16207 17881
Fuel Used (gal) 571.6 578.8 665.0 529.9 550.0 579.0

Interval #0 Information Seeding

Start Time 7:05
End Time 7:25
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,
No data recorded this interval.

Interval #1 Information Pre

Start Time 7:25
End Time 7:51
Total Time (min) 26

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 3087 3122 3040 3055 3070 3074
Vehs Exited 2911 2923 2863 2992 2937 2925
Starting Vehs 391 384 421 345 355 377
Ending Vehs 567 583 598 408 488 525
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 24 0 73 12 5 22
Travel Distance (mi) 2283 2267 2208 2349 2217 2265
Travel Time (hr) 195.6 202.5 212.8 167.0 173.8 190.3
Total Delay (hr) 115.6 123.3 135.0 84.6 96.2 110.9
Total Stops 6781 7380 7309 6039 5874 6677
Fuel Used (gal) 203.6 207.5 214.5 202.9 193.1 204.3

SimTraffic Report
Page 1
Bergmann Associates



SimTraffic Simulation Summary 6 Minute Delay Incident
5/15/2006

Interval #2 Information Incident

Start Time 7:51
End Time 8:31
Total Time (min) 40

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 4816 4791 4538 4798 4767 4744
Vehs Exited 4937 4874 4632 4745 4792 4795
Starting Vehs 567 583 598 408 488 525
Ending Vehs 446 500 504 461 463 474
Denied Entry Before 24 0 73 12 5 22
Denied Entry After 22 1 323 32 23 80
Travel Distance (mi) 3704 3692 3540 3597 3667 3640
Travel Time (hr) 354.9 371.4 515.8 289.3 345.7 375.4
Total Delay (hr) 225.1 242.5 391.6 163.8 216.1 247.9
Total Stops 11863 13071 11815 8927 10333 11202
Fuel Used (gal) 368.0 371.3 450.5 327.0 356.9 374.7

SimTraffic Report
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SimTraffic Simulation Summary 8 Minute Delay Incident
5/15/2006

Summary of All Intervals

Run Number 1 2 3 4 5 Avg
Start Time 7:05 7:05 7:05 7:05 7:05 7:05
End Time 8:33 8:33 8:33 8:33 8:33 8:33
Total Time (min) 88 88 88 88 88 88
Time Recorded (min) 68 68 68 68 68 68
# of Intervals 3 3 3 3 3 3
# of Recorded Intvis 2 2 2 2 2 2
Vehs Entered 8102 8172 7789 8091 8080 8050
Vehs Exited 8035 8068 7691 7976 7973 7948
Starting Vehs 391 384 421 345 355 377
Ending Vehs 458 488 519 460 462 476
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 75 1 359 39 13 97
Travel Distance (mi) 6122 6142 5899 6121 6091 6075
Travel Time (hr) 608.9 600.1 791.3 486.3 547.2 606.8
Total Delay (hr) 394.3 385.7 584.1 272.5 332.8 393.9
Total Stops 19315 21269 20146 15525 17355 18717
Fuel Used (gal) 609.6 599.9 707.8 553.0 574.5 609.0

Interval #0 Information Seeding

Start Time 7:05
End Time 7:25
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,
No data recorded this interval.

Interval #1 Information Pre

Start Time 7:25
End Time 7:53
Total Time (min) 28

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 3328 3349 3256 3309 3296 3308
Vehs Exited 3174 3168 3069 3252 3161 3164
Starting Vehs 391 384 421 345 355 377
Ending Vehs 545 565 608 402 490 518
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 35 32 104 3 12 37
Travel Distance (mi) 2465 2435 2360 2537 2383 2436
Travel Time (hr) 215.4 222.3 235.5 180.6 190.1 208.8
Total Delay (hr) 129.0 137.2 152.3 91.8 106.6 123.4
Total Stops 7495 8150 7891 6537 6477 7309
Fuel Used (gal) 223.4 225.7 234.1 219.5 209.0 222.3

SimTraffic Report
Page 1
Bergmann Associates



SimTraffic Simulation Summary 8 Minute Delay Incident
5/15/2006

Interval #2 Information Incident

Start Time 7:53
End Time 8:33
Total Time (min) 40

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 4774 4823 4533 4782 4784 4740
Vehs Exited 4861 4900 4622 4724 4812 4785
Starting Vehs 545 565 608 402 490 518
Ending Vehs 458 488 519 460 462 476
Denied Entry Before 35 32 104 3 12 37
Denied Entry After 75 1 359 39 13 97
Travel Distance (mi) 3657 3706 3539 3585 3709 3639
Travel Time (hr) 393.4 377.8 555.8 305.8 357.2 398.0
Total Delay (hr) 265.3 248.5 431.8 180.7 226.2 270.5
Total Stops 11820 13119 12255 8988 10878 11411
Fuel Used (gal) 386.2 374.2 473.7 3335 365.5 386.6

SimTraffic Report
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SimTraffic Simulation Summary 10 Minute Delay Summary
5/15/2006

Summary of All Intervals

Run Number 1 2 3 4 5 Avg
Start Time 7:05 7:05 7:05 7:05 7:05 7:05
End Time 8:35 8:35 8:35 8:35 8:35 8:35
Total Time (min) 90 90 90 90 90 90
Time Recorded (min) 70 70 70 70 70 70
# of Intervals 3 3 3 3 3 3
# of Recorded Intvis 2 2 2 2 2 2
Vehs Entered 8311 8392 8004 8329 8262 8261
Vehs Exited 8287 8225 7903 8223 8144 8156
Starting Vehs 391 384 421 345 355 377
Ending Vehs 415 551 522 451 473 477
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 107 23 375 57 70 126
Travel Distance (mi) 6310 6265 6062 6302 6216 6231
Travel Time (hr) 633.9 653.1 826.8 516.0 601.8 646.3
Total Delay (hr) 412.6 434.4 613.9 295.9 382.8 427.9
Total Stops 20019 21826 21424 16505 17927 19542
Fuel Used (gal) 633.6 633.7 734.4 578.9 608.4 637.8

Interval #0 Information Seeding

Start Time 7:05
End Time 7:25
Total Time (min) 20

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,
No data recorded this interval.

Interval #1 Information Pre

Start Time 7:25
End Time 7:55
Total Time (min) 30

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 3583 3605 3463 3562 3519 3549
Vehs Exited 3383 3395 3287 3501 3368 3386
Starting Vehs 391 384 421 345 355 377
Ending Vehs 591 594 597 406 506 535
Denied Entry Before 0 0 0 2 0 0
Denied Entry After 21 18 128 6 28 39
Travel Distance (mi) 2627 2607 2526 2724 2549 2607
Travel Time (hr) 235.2 242.6 259.9 194.4 207.8 228.0
Total Delay (hr) 143.0 1515 170.8 99.2 118.5 136.6
Total Stops 8328 8982 8584 7045 7073 8004
Fuel Used (gal) 242.9 244.7 254.8 236.3 225.5 240.8
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SimTraffic Simulation Summary 10 Minute Delay Summary
5/15/2006

Interval #2 Information Incident

Start Time 7:55
End Time 8:35
Total Time (min) 40

Volumes adjusted by Growth Factors.
Timing data from "C:\Documents and Settings\mcroce\Desktop\Briefcase\MCDOT ITS\Traffic\ITS_Evaluation.CSV" data file,

Run Number 1 2 3 4 5 Avg
Vehs Entered 4728 4787 4541 4767 4743 4716
Vehs Exited 4904 4830 4616 4722 4776 4770
Starting Vehs 591 594 597 406 506 535
Ending Vehs 415 551 522 451 473 477
Denied Entry Before 21 18 128 6 28 39
Denied Entry After 107 23 375 57 70 126
Travel Distance (mi) 3682 3658 3536 3579 3667 3624
Travel Time (hr) 398.6 410.5 567.0 321.6 393.9 418.3
Total Delay (hr) 269.6 282.9 443.1 196.7 264.3 291.3
Total Stops 11691 12844 12840 9460 10854 11535
Fuel Used (gal) 390.7 389.0 479.6 342.6 382.9 397.0
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